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 The field of molecular electronics has made a tremendous progress in both experimental and 
theoretical developments. One important application of molecular electronic devices is the use of 
ultrahigh-density electronic circuits as complements or alternatives to high-cost nanoscale Si-based 
integrated devices. Alkanethiol self-assembled monolayers (SAMs) have been used for active 
molecules due to ease of formation, low cost and chemical diversity. Various molecular junctions 
have been developed to gain an understanding of molecular charge transport mechanisms. For 
technological applications, metal-molecule-metal junctions must be reliable, stable and reproducible. 
The conductance per molecule, however, typically varies by many orders of magnitude [1]. Direct 
vapour deposition of metals on organic thin film create metal penetration into the organic layer, 
chemical degradation and filament generation. The creation of reliable molecular junctions 
continues to be challenging. A highly general method for producing damage free metal-molecule 
interface has yet to be developed. We reported buffer-layer-assisted growth (BLAG), introduced by 
Weaver and Waddill[2], for the formation of damage-free metal-molecule film interface.  
 All experiments were carried out in the ultra-high vacuum (UHV) condition (base pressure 
below 1×10
-10
 torr) using  home-made STM (Omicron, 13-300K) and low temperature STM 
(Unisoku, 4.7K). Normal, partial deuterated & fully deuterated octanethiol(OT) -SAMs,  were 
prepared on flame annealed Au/mica (PSI,USA) dipped into the hexane solution of respective thiol 
solution for 6.0min. Au electrode was prepared on OT OT-SAM on Au(111) by forming Au 
clusters on Xe layers which covers the OT-SAM at ~13 K. Au clusters were formed on OT-SAM 
warming up to room temperature. For spectroscopic measurement, LT-STM connected with two 





 were recorded simultaneously. 
 Atomic resolution STM image of the bare OT-SAM on Au(111) was observed at 80K after 
adsorption & desorption of Xe layer. No damage was observed over SAM film. Figure1 shows the 
STM image observed at 80K after deposition of Au on OT-SAM/Au(111) using   18ML of Xe. 
Bright protrusions are Au clusters. Au cluster size can be controlled by varying the Xe layer 
thickness.                                                                                     300ML 
using same Au coverage. Sublimation of thicker Xe layer provides long time. With increasing time, 
the process of particle migration, collision and merging result in disappearance of small structures 
and growth of larger one. 
 Measurement of IETS for single OT molecule, show the vibrational features of the C-H bending 
and C-C stretching modes including C-H stretching mode which appear at ±361 mV.  A number of 
lower energy vibrations in the region from 0-200mV were observed. This IETS  data is consistent 
with the HREEL[3] data obtained for OT-SAM on Au(111). Our result shows a good agreement 
with the recent theoretical calculation [4]. For clear understanding of selection rules for IETS, we 
studied IETS  spectra of partial and fully deuterated OT molecules. The fine resolution and partial 
deuteration(CD3-C7) of the molecule allowed us to identify and differentiate between methyl (CH3) 
and methylene (CH2) groups in addition to their symmetric and asymmetric C-H stretch modes. 
Comparison with first-principles calculations reveals quantitative agreement for the IETS 
originating from the methyl group including the approximately four times larger IETS signal for the 
asymmetric compared to the symmetric mode. However, the theory severely underestimates the 
contribution from the methylene groups. This may be due to the intermolecular scattering not 
included in DFT calculation. We study inelastic scattering in alkanethiol SAMs using isotope 
labeling and unambiguously determine which molecular vibrations are active in the IETS. 
 
 
Fig 1: STM image of Au cluster on OT-SAM, Fig. 2: Schematic illustration for measuring IETS over Au 
cluster, Fig 3: IETS spectra of OT molecules in metal-molecule-metal junction at 4.7K 
 
molecule contribute approximately equally to inelastic signal which is inconsistent with J.M. Beebe  
et al data who studied the IETS of partial and fully fluorinated alkanthiols on Au(111). Our first 
principles calculations confirm the experimental results and provide insights on electron transport 
through molecules. We can propose simple selection rule: vibrational mode whose dipole moment 
variation parallel to electron path is excited efficiently. 









 –V curve shows features that appear at symmetric energy positions about the Fermi level 
with a reversed polarity. This results is similar to the IETS over single OT molecule described 
earlier and HREELS[3] data as well. With comparison of IETS to nano pore junction[5] and crossed-
wire junction[6], our result agreed well with crossed-wire junction where no molecular damage 
observed. But IETS of nano pore junction showed the derivative like peak and some vibrational 
features were absent in spectra indicates molecules damaged seriously. It can be concluded that no 
damage created on OT-SAM film. This method provides damage free metal-molecule interface 
which may be applied in future molecular electronic devices.  
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